Using a new microinoculation technique, we demonstrated that penetration of Rhizobium sp. into the host root hair cell occurs at 20 to 22 h after inoculation. It did this by dissolving the cell wall maxtrix, leaving a layer of depolymerized wall microfibrils. Colony growth pressure "stretched" the weakened wall, forming a bulge into an interfacial zone between the wall and plasmalemma. At the same time vesicular bodies, similar to plasmalemmasomes, accumulated at the penetration site in a manner which parallels host-pathogen systems.
The Rhizobium sp.-legume system has been studied for almost a century, and yet many of the early steps in the establishment of this symbiosis remain poorly understood. The earliest studies served primarily to strengthen the view that the thread and hair walls were one continuous structure (9, 14) , a view substantiated by a later study (13) using serial sections. The thread tube, originating at the point of most acute curling, appeared to be an invagination of the hair wall. In contrast, recent studies (5) through 48-h-old specimens showed that the infection origin is not an invagination of the root tip, but is at a point where two portions of the wall of the curled hair form an enclosure. This work indicated a disintegration or degradation of the hair wall at the infection site. The thread wall appeared to be formed by the apposition of a new, fibrillar layer of wall material around the infection site containing the rhizobia.
The tropical legume Macroptilium atropurpureum (siratro) has a similar transient susceptibility to infection as soybean (3) , where susceptible cells are located in a zone between the root tip and the smallest emerging root hairs, the zone moving acropetally with root growth. This knowledge, together with the use of a microinoculation technique (18) , has enabled us to pinpoint the moment of infection, using the fast-growing Rhizobium sp. strain ANU240 (12), a derivative of NGR234 (17) .
Late-log-phase cultures of ANU240 were microinoculated (ca. 20 nl) (18) (i) Rhizobium sp. attaches to the trichoblast at the point of root hair initiation within minutes of inoculation; (ii) Rhizobium sp. is moved outwards, away from the tip, and actively perturbs the process of tip growth at this point; (iii) by 5 to 6 h after inoculation the hair grows asymmetrically due to a one-sided "pinning down" effect of the bacteria; (iv) by 9 to 11 h the hair contacts its own basal part or neighboring cell and continues to grow along the epidermal surface, and the infected cell thickens its outer wall and appears brown under bright-field microscopy; (v) between 12 and 20 h Rhizobium sp. colonizes the small region between the epidermis and the overlying hair wall, and during this time wall-degrading enzymes are accumulated and the hair wall matrix has eroded; (vi) between 20 and 22 h Rhizobium sp. enters an interfacial zone between wall and plasmalemma; (vii) by 22 basal part or neighboring cell and continues to grow along the epidermal surface. Between 12 and 20 h Rhizobium sp. divides and colonizes the region under the curled hair. Accumulation of Rhizobium sp. enzymes in this deformed root hair enclosure may provide the necessary environment for degradative penetration of the hair cell wall. Micrographs representing the next stage of the infection, the actual penetration of the hair at 20 to 22 h, are presented in Fig. 2  and 3 . These micrographs are representative of the numerous infection sites examined from the plant material prepared for microscopy. Figures 2 and 3 show a section through an infection site, the small zone between the curled hair and epidermis. The microcolony of rhizobia appears to have caused degradation of the cell wall matrix, leaving a layer of depolymerized wall microfibrils. A single Rhizobium sp. was in the process of penetrating this loosened wall material at the time of fixation (Fig. 3) , possibly as a result of colony growth pressure. The host cytoplasm has moved away from its wall, leaving an interfacial zone. Accumulation of plasmalemma-like vesicular bodies may represent the first deposits by the host of infection thread-forming material. These vesicles may also contain molecules which are important in interactions with the invader. The hair cell cytoplasm is dense and granular, and microtubules are present next to the infection site, implying a role in the direction of infection thread wall material synthesis. In contrast to previous results (5, 13) , the infection is not directly at the axis of the curl. The rhizobia enter into the hair cell in an area between the axis of the curl and the hair tip. These observations demonstrate that a region of the host cell is degraded by rhizobia, and it seems likely that the cell wall is altered by hydrolytic enzymes, either from the host or from the rhizobia. A polygalacturonase hypothesis (2, 11) is fully compatible with the evidence presented here; rhizobia multiply in an enclosed pocket and locally disrupt or degrade the hair wall, and a new layer of host cell wall-like material is deposited at the infection site. Whether the accumulation of this new wall-like material is a defense response is by no means proved, but is tenable. Certainly the localized deposition of wall-like materials such as papillae, collars, or sheaths at the point of penetration of microbial pathogens is well known (1, 4, 7, 15) . In early stages of pathogenesis, marked structural modifications can occur in host cell walls (6, 9, 15, 19 Fig. 2 . Bacterially derived microfibril structures (bm) can be distinguished from hair wall microfibrils (hwm), which are more electron dense and have a more pronounced "beaded" structure. Note the double membrane structures (dms) near the bacteria. The rhizobia contain large white granules of polyhydroxybutyrate (phb). Bar, 500 nm.
Pseudomonas solanacearum to tobacco mesophyll cells, the host cell wall is frequently eroded, the plasmalemma separates from the cell wall and becomes convoluted, and numerous membrane-bound vesicles accumulate in the space between plasmalemma and the cell wall (15 (Fig. 3) . It is tempting to hypothesize that these are host-secreted fragments, bound with proteins or glycoproteins, that function by signaling the initiation of the complex reactions leading to the symbiosis (10).
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